APOATID / 


Safety of Technogenic and Natural Systems | 





UDC 62-78(075) 
DOI 10.23947/2541-9129-2019-2-23-32 


ENGINEERING RISK ASSESSMENT OF 
ELECTROMAGNETIC SITUATION IN THE 
AREA OF ROSTOV-ON-DON TELEVISION 

CENTER 


Kuhta A. I., Mamatchenko N. S. 


Don state technical University, Rostov-on-Don, 
Russian Federation 


alexey-semenov82 @mail.ru 
The electromagnetic field (EMF) poses a serious 


threat to human life and health. The biological 
effect of EMF exposure in a long-term exposure 
accumulates. The result of this may be degenera- 
tive diseases of the central nervous system, blood 
cancer (leukemia), brain tumors, hormonal dis- 
eases, and malfunctions of certain organs and the 
human body as a whole. The purpose of the work 
is a theoretical assessment of the danger of elec- 
tromagnetic situation in the area of Rostov-on- 
Don television center. The task is to determine 
the dangerous and harmful zone for the popula- 
tion due to the electromagnetic impact of the tele- 
vision center. The authors plan to: find the elec- 
tric field strength taking into account the televi- 
sion center power transmitters, antenna amplifica- 
tion and the distance to residential facilities; de- 
termine radiant exposure at different distances 
from the television center; compare the results 
with the MPL of EMF radiant exposure taking 
into account sanitary and epidemiological re- 
quirements; find ways to protect residents from 
EMF effects. The result of the research is the the- 
oretical assessment of the electromagnetic situa- 
tion near the station. The dangerous and harmful 
zone for the population and the compliance with 
the sanitary norms and rules of placement of ra- 
dio-television and radar stations Ne1823-78 are 


determined. The objects of the Zheleznodorozhny 
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QneKTpoMarHuTHoe nome (IMIT) npezctapisaer 
Cepbe3HyHO OMaCHOCThb 2%KH3HU U 3}0POBbIO 4elI0- 
Beka. buonormueckui 32dekT OT BO3eMCTBUA 
QMIT B ycroBuAX JJIMTeIbHOrO MHOTOJIeETHETO 
BOSJICHCTBHA HakallJIMBaeTCA, B pe3yIbTaTe BO3- 
MOXKHbI jJiereHepaTHBHbIe 3a00]IeBaHHA IeH- 
TpaJIbHOM HepBHOM CHCTeMBI, pak KpoBu (JIEHKO- 
3bI), OMYXOJIM MO3ra, TOPMOHAIbHbIe 3a00seBAa- 
HUA, HAPyWICHHA HOPMAaJIbHOrO (PYHKITMOHUpOBa- 
HUA Kak OTJICJIbHBIX OPpraHOB, TaK HU OpraHu3mMa 
yeroBeka B IeuIOM. Llembro HacTosMlen padoTs 
ABJIACTCA TeOopeTM4ecKad OIeHKa oOmacHOCcTH 
9JIEKTPOMATHHUTHOM OOCTaHOBKH B paloHe Terle- 
lWeHTpa ropoyza Poctos-Ha-J[ony. 3ayaua padorTsl 
COCTONT B OlpesesIeHHM OMaCHOM HU BpeAHOUM A 
IIpOXKUBAHHA HACeJICHHA 3OHbI, BOSHUKINeN B pe- 
3yYJIbTaTe BIEKTPOMArHHTHOIO BO3JCHCTBHA Te- 
nemeHtpa. ABTOpbI WWlaHupy!loT: HaliTH Harips- 
X9KCHHOCTH BIIEKTPUYeECKOLO MOJIA C YUCTOM MOIII- 
HOCTeH TepesaTYWKOB TeslelleHTpa, yCusIeHuu 
aHTCHH UM pacCTOAHWA JO 2XKWJIBIX OOBCKTOB; 
OnpeeIMTb 9SHepreTHuecKHe 9KCIIO3MIIMHM Ha 
Pa3JIM4HBIX PaCCTOAHHAX OT TeJIeIleHTpa; cpaB- 
HUTb MOUYACHHbIe Pe3yJIbTAaTbI C MpeebHO O- 
ITYCTHMbIM ypoBHem (IIJ[Y) »sHepreru4ecKkux 
QMIT c 
SNMJIeEMHOIOrMYeCKHe TpeOoBaHHH; OlpeeuMTb 


9IKCHO3HIMU y4aeTOM CaHHTapHo- 
CHOCOOBI 3al[HTbI %KUTeIeH pavwoHa OT BO3Jel- 
cTBHH OIMII. B pe3ynbrate BbIMIOJIHeHHOM pado- 
TbI: IpoOBeqeHa TeOpeTHYeCcKad OMeCHKAa 3JIEKTPO- 
MarHUTHOM OOCTaHOBKH B paiioHe paciiouoxKeHus 
CTaHIIMH; ONpeyeseHa olacHad WU BpeyHaA 30Ha 
JIA TIpOXKUBAHHA HAaCeJICHHA; BbIACHCHO COOTBET- 
CTBHe pajJIMOTeJIeEBH3HOHHBIX UH pasMOJOKAallHOH- 
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district of Rostov-on-Don the inhabitants of IIpaBWJlaM Ppa3MellleHHA; yKa3aHbl OOBeEKTHI 2Ke- 


which are exposed to electromagnetic waves are N€3HONOpOxKHOTO pahoHa 1. Poctos-Ha-Jfony, 


specified. Ways of protection of inhabitants from KUTCH KOTOPHIX MOZBepraioTca OOYYCHHIO 


ITICKTPOMarHuTHbIMu BOJIHAMH,; Ope TCJICHbI 


EME are found. —— 

CHOCOOBI 3all[HTbI *KUTeeH paioua oT OMII. 
Keywords: electromagnetic field, electromagnet- Ksmo0ueBbie CJIOBa: 93JIEKTPOMarHuTHOeE Tole, 
ic impact, electromagnetic environment, TV cen- QJIEKTPOMarHHTHOe BO3JIEHCTBHe, 3JICEKTPOMar- 
ter, electric field strength, magnetic field strength, HUTHad OOCTaHOBKa, TeJICEBH3HOHHbIM TWepearo- 
radiant exposure. IMM WeHTp, HallpsxxKeHHOCTb 9JIEKTPHUeCKOTO 


TOJIA, HallpvxAxKCHHOCTb MarHHTHOTO HOJIA, IHCp- 
TeTHYUCCKAadA SKCIIO3SHUMA. 


Introduction. Electromagnetic field (EMF) has a negative impact on human health. Factors af- 
fecting the development of pathological reactions of the organism under the influence of EMF are: 

¢ electric and magnetic field strength; 

¢ duration of the electromagnetic impact; 

¢ person's age and state of health; 

¢ air humidity; 

¢ irradiation area (arms, legs, head, etc.)); 

¢ frequency and modulation of electromagnetic radiation. 

Exposure to EMF leads to the appearance of ionic currents that flow only through the intercellular 
fluid, since the cell membranes are dielectrics. 

Main part. Thermal and non-thermal effects characterize the biological effect of EMF in the radio 
frequency range. Thermal effect means an integral increase in body temperature or its individual parts 
under general or local irradiation. Non-thermal effect is associated with the transition of electromagnetic 
energy in the human body into a non-thermal form of energy in the form of a molecular resonance pro- 
cess, photochemical reaction, etc. Due to the fact that the biophysical properties of body tissues are heter- 
ogeneous, the absorption of heat energy causes uneven heating at the interface of tissues with high and 
low water content, which determines the respectively high and low absorption coefficient. 

EMF most intensively affect organs with a high water content. Overheating is especially harmful 
for tissues with poorly developed vascular system or with insufficient blood circulation (kidneys, brain), 
since the circulatory system can be regarded as a water cooling system. Eye irradiation causes clouding of 
the lens, which manifests itself quickly enough (a few days or weeks after irradiation). Intensive electro- 
magnetic field of industrial frequency causes malfunction of the central nervous and cardiovascular sys- 
tems. In this case, there is an increased fatigue, reduced precision in movement, changes in blood pressure 
and pulse, heart pain, accompanied by palpitation and arrhythmia. Special attention should be paid to the 
assessment of individual consequences of long-term contact of the population with EMF: the develop- 
ment of cancer (including leukemia), diseases associated primarily with the degradation of nerve cells. 

The earliest clinical evidence of the effects of electromagnetic radiation on humans is nervous sys- 
tem functional disorders in the form of autonomic dysfunction of neurasthenic and asthenic syndrome. 
Persons who have been in the area of exposure to EMF for a long time, note weakness, irritability, fa- 
tigue, memory impairment, sleep disturbance. Often these symptoms come with vegetative functions dis- 
orders. Cardiovascular system disorders are, as a rule, in the form of cardiophyshoneurosis: lability of 
pulse and blood pressure, tendency to hypotension, heart pains. 

High-frequency electromagnetic radiation ionizes atoms or molecules in somatic cells and thereby 
disrupt the processes occurring in them. Electromagnetic oscillations heating cells, put molecules in ther- 
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mal motion, which leads to insufficient flow of substances through membrane, and consequently, to met- 
abolic disorders. The most sensitive to the action of electromagnetic fields are the neuroendocrinal and 
central nervous systems. In the latter case, there are subjective perceptions in the form of the increased 
fatigue and headaches. Neuroendocrinal regulation disorder affects the cardiovascular system, blood sys- 
tem, immunity, metabolism, reproductive function. There may also be changes in the heart rate and vas- 
cular reactions. 

The literature describes changes in hematopoiesis, endocrine system, metabolic processes, and 
visual organs diseases. In the latter case, the thermal effect of radio-frequency radiation and microwaves 
leads to heating of the lens to the temperature exceeding the physiological norm, which causes the devel- 
opment of cataracts. This is one of the specific lesions of the electromagnetic field in the frequency range 
from 1.5 to 10 GHz. High-frequency electromagnetic waves also affect biological processes, breaking 
hydrogen bonds, which leads to the reorientation of DNA and RNA macromolecules [1]. 

Television transmitting center (television center) of Rostov-on-Don is a complex of technical 
means, providing television signals broadcast on the territory of the Rostov region, with the radius of reli- 
able reception of about 80 km. Rostov television center is typical broadcast tower of project 3803 KM, 
located in Zheleznodorozhny district of Rostov-on-Don on Barrikadnaya street. The TV tower is the tall- 
est building in the city. Its height is 195 meters. The existing network of transmitting devices of the re- 
gional radio-television transmitting center consists of six powerful and thirty-eight low-power stations. 
The power of television transmitters ranges from 0.01 to 50 kW. 

The aim of the work is a theoretical assessment of the electromagnetic situation near Rostov-on- 
Don television center, followed by the vertex outcome realization on the basis of the parametric criterion 
"impact is greater than susceptibility", taking into account the classification of working conditions. 

The object of the research — the television center of Rostov-on-Don. 

The subject of the research is the electromagnetic field of the Rostov-on-Don television center. 

Research problems: 

1. to find the intensity of the electric field, taking into account the power of the transmitters of the 
television center, amplification of antennas and the distance to residential facilities; 

2. to determine radiant exposures at different distances from the television center; 

3. to compare the obtained results with the maximum permissible level (MPL) of EMF radiant ex- 
posures taking into account sanitary and epidemiological requirements; 

4. to establish the measures of certainty of the vertex outcome on the basis of the parametric crite- 
rion "impact is greater than susceptibility". 

At the first stage, we find the values of the intensity and density of the EMF energy flow when ex- 
posed to radiation on a nearby residential object, which is a residential nine-storey house located on Ist 
Barrikadnaya street at a distance of 80 m from the television center. We estimate the electromagnetic 1m- 
pact on the areas of 80 m and 300 m from the television center. 

The electric field strength E, V/m, in the far zone of the antenna is associated with the transmitter 
power, antenna amplification and the distance from the antenna [2, 3]: 


E=—(30*P*Ga), 


where P — the input power of the antenna, W; Ga — the degree of antenna amplification in power in a 
given direction, which is determined from the antenna radiation pattern. 


Next, we find the radiant exposure in the frequency range 30 kHz—300 MHz according to the 
formulas [4]: 


99, =E* *T , (Bim); 
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99, =H? *T , (Alm), 
where H — the magnetic field strength, A/m; 7 — the time of exposure per shift, h. 
Calculation of radiant exposure QO, is carried out at distances of 80 and 300 m from the 


radiation source. Here 7 = 24 h, since the impact of the electromagnetic field is around the clock. 
Next, we find the energy flux density ///J9, W/m, and the radiant exposure DO/IIID, (uW 
/cm?)-h, in the frequency range of 300 MHz—300 GHz according to the formulas [6]: 


WHO = vor F 


Ax me p> 


JOTI = HD * T. 
Fig. 1 presents the scheme of electromagnetic radiation effect in the frequency range of 470-862 
MHz on a house located at a distance of about 80 m from the antennas to calculate the ////D parameter. 
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Fig. 1. Scheme of electromagnetic radiation effect of the antenna on a house located at a distance of about 80 m 


The calculation of the DO////D parameter is made taking into account the electromagnetic effect 
on the first and the ninth floors of a nine-storey building. During the calculation, we take into account the 
antennas height. 

We use the following technical characteristics of the antennas 1n the calculations: 

1. for corner antennas operating frequency ranges: 66-74 MHz, 87.5—108 MHz; maximum input 
power — 10 kW; 

2. for vibrator 4-storey broadband antennas operating frequency ranges: 66-74 MHz, 87.5 -108 
MHz; maximum input power — 5 kW; 

3. for four-storey panel antennas "Sivash-Skuy" series operating frequency range: 470-862 MHz; 
height — 4.2 m; maximum input power — 32 kW; 

4. for two-storey antennas "LPA-G" operating frequency ranges: 66-74 MHz, 87.5—108 MHz, 


maximum input power — 20 kW; 
5. for wideband eight-storey panel antennas "SIVASH-2TS" series operating frequency range: 


470-860 MHz, input power up to 40 kW. 
Table 1 presents the calculation results for the television center of Rostov-on-Don. 
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Table | 
Values of parameters of electromagnetic influence of the television center 
Electric field intensity £, 


Radiant exposure at a distance 
V/m, at a distance to the P 


to the place of control 





place of control 


Antenna type, 
| 
—— 





JIID=3987 JI=277.4 
C t 12.8 
(Vimy | (vim 
> Vibrator 4-storey broadband 12.16 DII=3548.77 IID=251.94 
antennas (V/m)-h (V/m)-h 


Four-storey panel antennas 
"Sivash-Skyu" series 


At the level of the 1st floor JInns=2544 


W /cm?:h 
of a nine-storey building UW cm 


Four-storey panel antennas 
"Sivash-Skyu" series 9n19=3352.8 
At the level of the 9th floor 
uW /cm?-h 
of a nine-storey building 


Two-storey "LPA-G" anten- 13.67 FII=4484.85 IID=319.7 
nas (V/m)-h (V/m)-h 





Broadband eight-storey pan- 
el antennas "SIVASH-2TS" 
series JInnza=3504 


At the level of the Ist floor uW /cm?-h 


FJInn3z=4672.8 
uW /cm?-h 


At the second stage of problems solving, the radiant exposure on the magnetic component is not 


of a nine-storey building 


Broadband eight-storey pan- 
el antennas "SIVASH-2TS" 
series 
At the level of the 9th floor 


of a nine-storey building 





considered, due to the fact that the maximum permissible levels for the frequency range 50 MHz—300 
GHz are not established according to Sanitary Regulations and Norms SanPiN 2.2.4.3359-16 "Sanitary 
and epidemiological requirements for physical factors in the workplace" of June 21, 2016 No. 81. 

In step 3, measures of certainty of the vertex outcome are established on the basis of the paramet- 
ric criterion "impact is greater than susceptibility". The vertex outcome realization is measured at the 
condition of parameter overriding, or the magnitude of the impact s on the susceptibility r: (s =r). "The 
probability of the condition realization (s =r) 1s found by construction of a probabilistic parametric mod- 
el "impact s — susceptibility r" using a model where the impact is greater than the susceptibility" [5]. 


(pi //bps-journal.ru —— 








We construct a probabilistic parametric model "impact s — susceptibility r" (Fig. 2). At the same 
time, the parameters m,, ms, 6, O; Were selected in accordance with the classification of working condi- 
tions for the vertex outcome calculation [3]. 

For feature selection of m, and o, of the susceptibility parameter, we use SanPiN 2.2.4.3359-16. 
Moreover, the values of MPL are determined taking into account the time of the impact of the factor dur- 
ing the working day in accordance with SanPIN 2.2.4.1191—03. 


Acceptable 
conditions of work 


Working conditions | Working conditions | Working conditions Working conditions 
hazard class 3.1 hazard class 3.2 hazard class 3.3 hazard class 3.4 





Fig. 2. Parametric models of impact and susceptibility taking into account the special assessment 
of working conditions 


Further, taking into account the impact characteristics m, and o, of radiant exposure of electro- 
magnetic radiation, we determine the class of working conditions as follows. 

In accordance with Federal law No. 426 of 28.12.2013 "On special assessment of working condi- 
tions", article 14 (classification of working conditions), we assign the values of the parametric model of 
impact and susceptibility: 

ms — Class 2 (acceptable conditions of work); 
or — subclass 3.1 (harmful working conditions of the Ist degree); 
os — subclass 3.3 (harmful working conditions of the 3rd degree); 
mr — class 4 (hazardous working conditions). 

At the fourth stage of problems solving we find the vertex outcome probability (threat to the lives 
of residents of the area) under the influence of radiation on a nearby residential facility. The residential 9- 
storey building (1st Barrikadnaya street) is located at a distance of 80 m from the radiation source. Based 
on the calculated data, probabilistic parametric models "impact s — susceptibility r" were constructed: 
model (s =r) at a distance of 80 m (Fig. 3); model (s <r) at a distance of 300 m (Fig. 4). 





Fig. 3. Parametric model "impact s — susceptibility r" taking into account the distance of 80 m(s 2Tr) 
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Fig. 4. Parametric model "impact s — susceptibility r" taking into account the distance of 300 m(s <r) 


Based on figures 3 and 4 of the parametric model, we determine the probability of exceeding the 
impact s over the susceptibility r: Pro (s =r) and the probability that the impact s is less than the suscep- 
tibility 7: Pro (s <r) [7]. 

For the case when the mathematical expectation of random impact is less than the mathematical 
expectation of random susceptibility, the probability that the action s is less than the susceptibility r: Pro ( 


s <r) 1s determined by the formula: 


mr —ms 


p\(u) = Pro(z 20) =0,5-®| —_,—— 
0,5(0°r+o"s) 


| =0,5-D(u). 


In this expression, the parameter is a probabilistic "reduced parametric safety margin" (RPSM), 
expressed by the ratio of the difference between the mathematical expectations of the impact and the sus- 
ceptibility to their total standard deviation [5]: 

mr —ms 
LS. 7. or 
0,5(0°r+o°s) 

For the case when the mathematical expectation of random impact is greater than the mathemati- 
cal expectation of random susceptibility, the probability of exceeding the impact s over the susceptibility 


r: Pro (s =r) 1s determined by the formula: 


mS — mr 


p2(u) = Pro(z 20) =0,5+@| ——_.—,— 
0,5(0°r+o's) 


f-ossou 


Replacing the "less" condition with the "more" condition in the above expressions is accompanied 

by replacing the plus sign with a minus sign: 
ms-mr mar—ms | 
0, 5(o°r + o*s) - 0, 5(o°r + o*s) - 


It is obvious that if the positive value (+) is a characteristic of the "safety margin", then the nega- 


—Uu. 


tive value (—u) expresses the presence and increase of "danger" with a further increase in the magnitude of 
the impact [6]. 
To find the probabilities p1(u) and p2(u), we use the Laplace function O(u). 

To find the probabilities pl(u) and p2(u), we use the Laplace function f(u). 

The electromagnetic situation danger in the area of Rostov-on-Don television center. Tables 
2-6 provide the calculation results of the probability values of realization of the vertex outcome Pro (s =r 
) in the function of the given parametric safety margin u for two variants of the ratios of mathematical ex- 


pectations of impact and susceptibility (1): (mr = ms) and (2): (ms = mr). 
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Table 2 
Energy characteristics of corner antennas 
with frequency ranges: 66—74 MHz and 87.5—108 MHz 


EE u D (u) pP\ (u)l(mr = ms) p2 (u)|(ms = mr) 
uW /cm?-h 


217.4 0.9896 0.33646 0.83646 0.16354 
3087 | 1.037 | 0.35083 


Table 3 
Energy characteristics of vibratory 4-storey broadband antennas with frequency ranges: 66-74 MHz and 
87.5—108 MHz 


EE u D (u) pP1 (u)|(mr = ms) p2 (u)|(ms = mr) 
uW /cm?-h 


3548.77 1.031 0.34849 0.15151 0.84849 
251.94 0.989 0.336 0.836 0.164 


Table 4 








Energy characteristics of four-storey panel antennas 
with frequency range 470-862 MHz 


EE u D (u) P\ (u)|(mr = ms) p2 (u)|(ms = mr) 
uW /cm?-h 


2544 1.126 0.369 0.131 0.869 
528) 1179 


Table 5 





Energy characteristics of two-storey LPA-G antennas 
with frequency ranges: 66-74 MHz and 87.5—108 MHz 


EE u D (u) pP\ (u)l(mr = ms) p2 (u)|(ms = mr) 
uW /cm?-h 


1484.85 | 1.0436 
319.7 | 0.99 | 0.3389 0.839 0.161 


Table 6 





Energy characteristics of broadband eight-storey panel antennas 
with frequency range 470-860 MHz 
EE D (u) P\ (u)l(mr = ms) p2 (u)| (ms = mr) 
uW /cm?-h 


3504 1.189 0.382 0.118 0.882 
4672.8 1.278 0.398 0.102 0.898 





The tables present the energy characteristics of the antennas of Rostov-on-Don television center 
and the probability of vertex outcomes realization taking into account the distance from the source of 
electromagnetic radiation. 

Conclusion. The algorithm for calculation of probability of electromagnetic influence outcome 
realization on personnel in their labor activity 1s developed and approved. The scientific novelty of the 
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method is in finding the probability of occupational disease based on the parametric criterion of "impact 
is greater than susceptibility", taking into account the classification of working conditions. 

The algorithm allows us to calculate quantitative measures of occupational diseases assessment in 
accordance with the requirements of OHSAS 18001:2007 "Order of occupational safety and health as- 
sessment". A parametric model "impact of electromagnetic fields of different frequency ranges — suscep- 
tibility" was built and probabilities of occurrence of diseases were estimated on the example of the system 
"television center— the inhabitants of a residential nine-storey building on 1-st Barrikadnaya st. of Ros- 
tov-on-Don". At the same time, it 1s proved that the residents living in this house are exposed to electro- 
magnetic influence, which corresponds to the harmful class of working conditions 3.4. With a probability 
of 0.9 (for nine out of ten people), there is a threat of the emergence and development of severe forms of 
diseases. Working personnel of the television center using PPE are exposed to electromagnetic influence, 
which corresponds to the harmful class of working conditions 3.3. With a probability of 0.9 (for nine out 
of ten employees of the television center), there is a threat of the emergence and development of occupa- 
tional diseases of moderate severity. It is concluded that it is necessary to apply organizational and tech- 
nical measures to reduce the radiation power. These theoretical calculations require confirmation in prac- 
tice by measurements. 
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